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Abstract

The installation of other parts in differential shell is not only a differential basis, is also part of the
main reducer follower, it will directly affect the quality and structure of the whole differential and
the vehicle performance, but because of its complex structure, stress distribution is more complex,
using the theory of the traditional calculation formula is hard to calculate whether the strength
and stiffness meet the design requirements. Therefore, this paper utilizes ANSYS software to con-
duct finite element analysis on the differential shell. Firstly, it verifies whether the strength and
stiffness of the shell meet the requirements under different operating conditions. Then, the shape
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optimization module of ANSYS is employed to optimize the mass of the differential shell while en-
suring that the strength and stiffness requirements are met. Finally, the optimization effect of the
casing was verified through finite element analysis, and it has been confirmed that the optimiza-
tion results are reasonable after inspection.
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ERBEIRE LA DA E W, BRI R R R A A N G e SE A [R]
(Z), MR ZERE SCI RS . H R BRI, TR N, PR, —Fiiae. Kbz
AR TR I A o AT AR 22 T m, R AR NS — 380, (HIRH 45 LR 2,
ZMEAB LR E A, 18 ARG R R TR A O AAERR AT 2 D000, o DARE AT 9 FE RS A%
FIT CA 5 18 FH A PR OGS X ZE T 2% s R SR FE AT G BR G /b, P07 FL s R e 5 /2 2K [1] . ARG
N2 B ANSYS Workbench #3347 45 BR 76 70 Hr

ZEIR AR TR R R RN M N E B T A E A M 0 TAEERE, BT LAIE R B
ANSYS FAFFITERARAAR He (B4 ML R %o 22 8 8% 5T R R AT AL, 7RSSR AT SR 9 2 BRI
el b, RERIECD AR E, AT LRI R M S A T &, 1 B AT DU Sy 4 AR £ 5 1
NI, B LA 22 18 2 SE AR HEAT A BR T A B R

2. ERB/RAFZKNGRFIRT
21 ERFRHAFTENELLSH

BUGRE Ml T BRI RN RS, KRR I R as A 22l S s — 14, IR AR
BT ER:, SRl 1 PR, ARSCHT SR G R R T s s A 2=l Ay — R R 2 Ay, XA 2
MR R o, BB RSk TR PR — PR T A Fe R o R
P UM g ok ey, seik b Ia B SLH T 2eqr B ikide, ScIsh /y hse ik BT ik de ks, sofk
ERCREH, O TE TR, SRIEAT R AR A i ik A8 (R REAR 47 I [2] -

E MBI R L0y : IR & B A e — Z TR M 7 ik — — AT Bl - i e — 428 [3].
I AT AT 22 & 52 AR IR sl Al b IR P O L, U R (S P A IR B BRI iR, A
SRS, IR R AT
22, EEBHGH/LARS

AR R EESHANE 1 s,
UL LIRSS, AT el 22l A AT R Al i 8, RO AT B OGR4 8 O it
ARRAEASCE R, i E S AT B AR AR A R 1) — ST LT S8, Wk 2 s,
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Figure 1. Schematic diagram of main reducer and diffe-

rential structure
E 1. ERiRS, ERFBEUTEE

Table 1. Main parameters of selected vehicle
=1 MRERFTESY

FESH il
S ss 1980
T i 43 (km/h) 220
ORI (kw/rpm) 118/6000
AR (N-m/rpm) 250/4000
Il gy Gl 280 040 1000/930
S Sl G 8/ 7 2 980/620
AR A — LB L 3.46
A A B L 1.94
A =LA 1.29
AR AR VYA B L 0.99
A It E b 0.80
Foe/IN S b ] B (mm) 115
R4 (mm) 327
Table 2. Parameters of planetary and differential gears
Fz2 (TERRNERZRLHNEH
g HHE AR HfE R
1 Z, 1 TR NFC A EL
2 Z, 20 PN U HL
3 m 4 mm i
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b, =(0.25~ 0.30) A,
4 == ) 14 mm T
b, <10m
6 a 16° 71
7 h=1.788m +0.051 7.20 mm SR
9 > 90° HIZZ A ¢
10 d, =(z+2n;)m aemm AT U U T B
11 d, =(z,+2h;)m g2mm ik o B

H 22 T AT AN il i 58 B RO RS, WEREU ) 22 T 2 S R i) =4 R, Sefhk Rk 3
Fs o

Table 3. Basic dimensions of differential housing
%= 3. EERSFERAEART
FHfLER W= FAR AR EAT FEARANT EAR FahfLEA
24 mm 80 mm 102 mm 130 mm 33 mm

3. ERBRUEZNFEL

T ERGFARM S, I8 L2A LU LR
1) FepR I B4 52 B IO AR AT AR BB K R T, DR SRR A A HE 6 5 2 R 5 A RS I
Ve, B DART DU S0 2 S HE VA0 IO TH SRR T, SR AR R IRl A3 4% 3 45 72 38 58 14k 11 e 46
T, ZEHSRMTH A By = AN E T [4]:
@ LR EAT IS TSR 2 9 BRI R T
T, = SaMafte (2-1)
77
A G, =1 ECRE FIRSIM B FFEAT, A SCP R ARSI, G, =9800 N
m, — V348 B 5 R 5 B i e e B R, L 1.2
¢—Heln S BRI A M5 R %, HX 0.85
i, — AR G B AR B R AL 2 AL B, B 1.0
My —M TR S T SRR B R 58 2 M L 30303, B 0.95
L —EREFEE, B BRI, =0.327 m
S HANK(2-1)15:
_ G,m,gr, 1000x9.8x1.2x0.85x0.327
(7 1x0.95

@ FR AR AN F RS AL 3 LTS8 NS HEL R A T, -
KdTemaxkilif IO77

Te=——"7"—+ (2-2)
n

T

cs

N-m=3440.72 N-m

Refs K, — GRS A BT A RO ED R AL, K, =10
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Tomax — KA KIFEH, H ERAT, 0 =250N-m

K —l /1 fE AR I AR R4, UK =1.0

i, — A AR LS, i =3.46

i, —sheEatt, i, =i,=1.94

i, —FICE L, B, =4.21

n—MWRBHLEN TS 18 546 sl 2 [ ik s 4%, In=0.9
n UL 4.

Table 4. The selection table of the n
= 4. n BOikELER

¥t RS SRS, OC R i

>

i >ig/2 I 1
4x4 i . .

i <|m/2 iy 2

i >ig/2 i 2
6x6 i . .

iy <ig/2 iy 3

B s AN L(2-2)15:

K, T Kiii
d lemax Kl 1077 — 1x250x1x3.46x1.94x4.21x0.9 N-m=6358.32 N-m

e~ n 1
@ #IRZE H AT PR 9 MG 5 T R T
G.r
T, = im;mrn (fe+fy+f) (2-3)

b G, —AEHEN B ER, G,=1980x9.8 N=19404 N ;
f, —EHIRZN P ) R2L, Hr7E L 0.010~0.015, ASCHY 0.012
f, —IRAIEFAT RN T2 e ) R4, HL 0.08
f,—VRERIMERE &%, X 0.08
ro i, n,, n—ImEEx
K emsHAAX(2-3)45:
T - Gy, (fas fu+1,)= 1980x9.8x0.327
i,77,N 1x0.95x1

AT A LD @15 TS I — AR B2 MBS HER R R i R0, S5 L@ BT RGHI H #17
BRSPS 22 BOR . A NS HE A8 B RN T, I, BRI IR @O @H i 8/ME, B
T, =min[T,, T, |=3440.72 N-m , Jir LA T, i} 2 75 2% & T O M@ P A H L.

2) MIAMTE R RN R . F, [4]:

(0.012+0.08+0.08) =1148.79 N-m

~ 2.4TJ.¢ tanasin@

R=F mnz
1

(2-4)

A Ty, —FRIE SRR AR BB, T, =T, =3440.72 N/m
n—Zlas AT RN, B2
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m—J AR O A, Y 4 mm

Z,— iR i HL O 20

a—NEIIfh, A 200

O—NHEDI R S, X 90°

KBRS HUCN(2-4) 15

F _2ATtanasing _ 2.4x3440.72xtan 20" xsin90'

1= =18.7848 KN
mnz, 4x2x20
ANF LB M5 #iams /s 5 B
Table 5. Shell load under different conditions
< 5. TREILA TRFEAER K/
T T (N/m) F; (KN)
— 1148.79 18.7848
- 3440.72 18.7848

AN LN SE AR KN i T 52 A K/ AR TR AL, R R BT IO L B AR, PIT LA
SIS AR T DL AR5 R R B T — AR ER, B 50 oL = i OLEAT A R o 7 #r
KRR ANSYS BAEX SLREATAT BROT At s 7 ¥ % .

4, ERsZHFEFRTOT
4.1. B HRTER

HIRTC TR FR PO [ 5, — Mo W RTAC I . SRARANJ5 Ab B =505y o AT AL B 3 B A BT AL Y
HESL L PARRI G HEANE AL R . SRAR B R R M AN SR AR . SRR AR RN . JE AL
KT 45 R DL AR A R 77 s R B H

T, ARYEZEEIBAT RN AN IR S, B AR R I R, i 2 B,
HOR AL 5 NF] ANSYS BfFH . BeE Boe MR E M, 2238 ek AR — O Bk A552k QT450-10,
FASHON: JRALL 1 =0.3, BRI E E =1.73x10° MPa , ¥ p = 7000 kg/m®, Ji it iR o, =310 MPa ,
Pidise¥ o, =450 MPa [5], W% 6 Fizn.

Table 6. Material parameters of the shell

F 6. mEMRSH

MEY/NEd HLE A MPa P Kg/m® JE FR A% PR MPa PrhisRE MPa
0.3 1.73x10° 7000 310 450

SERUBHALE 5, BEEAT R (%) XA Kl 435 DR D IR Tl 40 I 2 P e DR B e s ) B0k B R A e s 1k
FIT DAL R B3 3 3 1 XA 1) 93 7 VR T 22 SR 2R e AR AT AR X1 43 o T T BRI 5, ANSY A I
X197 EA . O Automatic (H 31 MA%%I4r). @ Tetrahedrons (VU4 M #4 %) 43). @ Hex Dominant (75
A MR RI5r), KA A ETURI7E S AR AT RS R 43 (6], 45 SRxt Lb B an (1 2. 14 3).
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Figure 2. Three-dimensional model of differential housing

B 2 ZRFFTELERE

Figure 3. Grid division diagram of differential housing

B 3. ERARFTAMAER 57 E

ML FR AT A, Automatic (E 2 P9I 43) 7715 AT Tetrahedrons (VY THI 28 9 4% Xl 43) 75 1:%1 40 HE
WA B DU TR BT, HAE— S5 i B A A% T2 4, Hex Dominant (75T 4 3 5 (1 & &I 43) 77 72
KI5 I A AE R 2 B X R S TR SR G,  HINAS KANECRIS], AN e h#E L, friliue
SR FZSTHAR 5 5 0 WS XI5 771008, B e 19 2 RS T s 0y 64,418, HOTHCH 17,170, HEEH.

T D5 B A N 7 1 R EL,  DAZE IS SR R K R e 7 AR Z TR, Se R 7 AR X
Hh7 ), AT B RN IR U5 R0 Y T ] o 38 A B 2 T AR S AR I SEBRs B I DL AT A, AEVR AR R R ARRT,
ZEIRAS TR R SR K e 7 1w (e e B RE, BT DLEEZY SO 0 Bl AR B3 e 5 N E A, AR EE
o Z B 7 s B 7] AR5 PR ZE I AR S AN bSO T R B AT, s A 2 SR
THoLanE 4 Bis .

4.2. ARTIHER

T SN AR N R F i s R nE 5. B 6 B, MR HEE I RN AT LA
FEAR P2 N A KB 220.86 MPa,  H 5 KR )8 R EAT B R e FLAC RN 52 Ak 5 R &3 kb . e A BT
ZHIRL IR, I 2 SR JE IR SR A e s B, B R BRI E R MR Hh i 45 248 AR ]
PLEH, 7R T 25 RN 0.0017 mm, %738 T B AT DL ZBE AN TH[4] . BAA Fe 4 1) e R 56 280 77(220.86
MPa) Lt Ji il B R (310 MPa)/MEZ, LN T 7870 KAEM LIRS, R T a, WARIERA, H %
BN 22 AR TR (1 G R TR AT AN, 5 3L 580 5 R B A7 AR5 SR A 0, S [ S AR T i

DOI: 10.12677/mos.2024.132163 1734 A ()


https://doi.org/10.12677/mos.2024.132163

HO
Bl

Force: 18785 N
. Force 2: 18785 N

Figure 4. Load and constraint applied diagram of differential housing

E 4. ZRIF R REME

0.026258 Min

Figure 5. Stress diagram of differential housing

5 ERBFFAENAIE

0.0015033
0.0013154
0.0011275
0.00093965
0.00075177
0.00056389
0.00037601

0.0001881 3
2.5397e-7 Min

Figure 6. Strain diagram of differential housing
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5. EiRBEREEWRLTR
5.1. R

K H ANSYSS ] Shape Optimization (JEARMEAG)REERL, % 22 1 48 7o AR b AT 8 2 A 0 A7 o 75 1% B A8 H Shape
Optimization BT T4 8 S KN, T E IR/D 20%I10 . G EVE R, K 28 il 88 554 5 W R b %
ENAERAG IR, Gl sk AT B UiieFl. ek 5B ER A AN B . R AR AT DLk E
NI, a3 B R S5 R a4 7 frs .

Figure 7. The structure optimization part of the shell

B 7. RIEREBRAERML

HoA 2L X IO AT ZERFRHX IS, (AR LA 1, B s AL XIS AN A R AT AR 1
PRI TR S, MAESERRR st i, ZHBRLUN 4 AT HEER: O fiti)hse
RS ERAG €I T @ RERDEFAE 2L © fREZEERSZ ) FIEREASZ R0
@ PRAEVCTH 5 9B AR T il 2 K 8]

5.2. RikGHIRILRER T

R4 ANSYS (1] Shape Optimization #5515 H i1 e v 4544 P Ak L7 B ETA S bR 2 A0 T rp 2225 8 11
BIZ, M CATIA Boffxs ik =R EAT 2 050, 2 32 EE A 2 XA 72 M Ko PR 22 AN 52 AR B 1 B
J%, BHUR =4 RN 8 B

Y CATIAVS - zaichonghua2hao1 111102CATPar)
EI 7% evovavsvem X4 W8 %2 WA IA B0 #B

seg@luN oo lelglg] 1x

| o - - S .
Dees. @ @ O BAEBY wEénAQsrB008E 3 COLBEREO
e I

i

Figure 8. The shell model after optimization design
B 8. IR EFAIRE
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FOALIE AL 5 N ANSYS 1, 15 H 57 & HH R 1) 6.7991 kg k2> £1] 6.0498 kg, Jit & k> 1 11.02%.
FEAH [ (0507 e IR 5] PR 24 ORI A 45 210 P 5 800 ) PN RS DL 1] 9 5] 10, & IU8cE » bL W22 7.

 2021/an5 148

251.34 Max
223.42
195.5
167.57
139.65

111 .73
83.804
55.881
27.958
0.035169 Min

Figure 9. Equivalent stress of shell after optimization design

B 9. MRt ERESFHNS

0.0016969 Max
0.0015084
0.0013199
0.0011314
0.00094288
0.00075438
0.00056589
0.00037739
0.00018889

= 3.9133e-7 Min

Figure 10. The equivalent strain of the shell after optimization design
10. MU EFAEFYRLE

Table 7. Comparison of equivalent stress and equivalent strain before and af-
ter optimization

=7 MUBIBEFYR S HELE

AT RN

KRN F1/MPa 220.86 251.34
R RN AE Imm 0.0017 0.0017
Jii E/kg 6.7991 6.0498

M T R B R LU DEARJE IR 52 M N 750 251.34 Mpa, 4752840 2 A1 R JE iR A BR 310
MPa, H—Reieih i/ % R BT B A MET 1.2, ML JE PrRaS 10 2 3 4% 58 1k %2 & R EO0N
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K&, MG 5 I FEARLEN AR RE EOR B FEAE |, Bl 1 11.02%, X2 7L Bet I H .
6. B4

AL FEERM T ANSYS BAEX 2l as et AT VA IRTT A, i HE 7 R S A = s R
ZIRG TR, XA Fe R ] B ELAARIRUN, T s R iz

EA A RTHIBEEA ANSYS BFREAT TRIFHIN R, fRd T 28R s e iR g LR, JF i
B T ARSCHYE e . B TE | — IRER SIS, DUME T 2R 522 01600, JFaa it 7
IR A SHA — AT BRI RGRE LTS, DUE T R B2 22 A e AR I A R
SRIGHMIHT CATIA BT T 2 ds se R I = 4EBR, JE 3 ANEI ANSYS B fbrb. #2361 H] ANSY'S Bt
(RIS 3 3 TR TR S ) S A R Se R AT AT AL B, BRI OF RS L AN ORI 8, % J5 3 P A R SE AR 1
SERN ) BRI AE 5 J - ISE AR AN #86 A 2E5K

e, FAH ANSYS BAF TR FE i Br, AT B 45 SR vl LAAS H R IR A [X 3R] LA
X TR AT AL, (] CATIA BRAHE 20— T 5e iRy, RIS RIIRAL 5 e th iy, f 3 e A2
ANSY'S BAH H I AT — TR H S ARG DL, SR 5 B A0 AT SR #R I a2 BRI HoRE5e 4k
g E, HB D T 11.02%, FILCAFEAR TR T e MK,

SE WK
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